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(57) A method of coupling a tubular member 210 to a 
preexisting structgre 270 comprising: preforming 
the tubular memt>er to include a first portion, a 
second portion and a third portion; placing a 
mandrel 215 within the second portion of the 
tubular member; positioning the tubular member in 
' an overlapping relationship to the preexisting 
structure; pressurizing an Interior region within the . 
tubular memt>er above the mandrel; and displacing ' 
the mandrel with respect to the tubular member; . 
wherein the inside diameter of the second portion 
of the tubular member is greater than the inside 
diarrleters of the first and third portions of the 
. tubular member. The preexisting structure may be a 
wellbore casing. 
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EXPANDING A TUBULAR MEMBER 
Cross Reference To Related Applications 
The present application dainns the benefit of the filing date of U.S. provisional 
patent application serial no. 60/183.546, attorney docket no. 25791.10, filed on 
5 2/18/2000, the dtedosure of which is incorporated herein by reference. 

This application is a continuation-in-part of U.S. Serial No. 09/559,122. attorney 
dodcet nunnber 25791.23.02, filed on 4/26/2000, which claimed the benefit of the filing 
date of U.S. provisioiial patent appBcatioh serial nunnber 60/131,106, filed, on 
4/26/1999. wNch was a continuation-in-part of U.S. patent application serial nunnber 
10 09/523.460. attorney dodcet number 25791.11.02, filed on 3/10/ 2000. which daimed 
the benefit of the filing date of U.S. provisional patent application serial no. 60/124.042. 
filed on 3/11/1999. which was a continuationHn^rt of U.S. patent application serial 
number 09/510,913, attorney docket number 25791,7.02, which daimed the benefit of 
the filing date of U.S. provisional patent applicatbh serial number 60/1 21 ,702, filed on 
15 2/25/1999, whk:h was a continuatbnHn-part of U.S. patent application serial numt)er 
09/502,350, attorney docket number 25791.8.02, filed on 2/10/2000. which daimed the 
beriefit of the fillrig date of U.S. provistonal patent application serial number 
60/119,611, attorney docket number 25791.8. filed on 2/11/1999, which was a 
continuation-iifH>art of U.S. patent appBcation serial number 09/454,139,' attorney 
20 docket number 25791.3.02, filed on 12/3/1999. v^ich daimed the benefit of the filing 
date of U.S. provistonal patent application serial number. 60/111.293. filed on 
12/7/1998. 

The present application is related to the following U.S. patent applicattons: (1) 
utility patent applicatfon number - attorney docket number 25791.9.02, 

25 filed on 11-16-1999, whidi daimed the benefit of tt)e filing date of provisional patent 
application number 60/108,558^ attorney docket number 25791.9. filed on 11-16-1998; 
(2) utility patent appOcatton number . : attorney dc)cket number 25791.3.02, 

filed on 12-3-1999, which claimed the benefit of the filing date of provisional patent 
applicatton number 60/1 1 1.293. attorney docket number 25791.3, filed on 12-7-1998; 

a) (3) ufiDty patent applicatton riumber . attomey docket number 

25791.8.02, filed on 2-10^2000, which daimed ttie benefit of ttie filing date of 
provistonal paterit applicatton number 60/119,611, attomey docket number. 25791.8. 
filed on 2-11-1999; (4) provtetonal patent application number 60/121,702. attomey 
docket number 25791.7. filed on 2-25-1999; (5) provisional patent application number 

35 60/121.841, attomey docket number 25791.12. filed on 2-26-1999; (6) provisional 
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patent application number 60/121.907. attorney docket number 25791.16. filed on 2- 
26-1999; (7) provisional patent application number 60/124.042. attomey docket number 
^91.11. filed on 3-11-1999; (8) provisfonal patent application number 60/131,106, 
attorney docket number 25791 .23. filed on 4-26-1999; (9) provisional patent applk:atk>n 
5 number 60/137.998. attorney dotket numl?er 25791.17. filed on 6-7-1999; (10) 
provisional patent applkation manber 60/143.039. attomey docket number 25791.26. 
filed on 7-9-1999; (11) provisk)nal patent applteation number 60/146.203. attomey 
docket number 25791.25. filed on 7-29-1999; (12) praviskmal patent appGcation 

^ attorney docket number 25791.29, filed on 9-16-1999; (13) 

10 provistonal patent applteatton number • ' • - attomey docket number 

25791,34. filed on 10-12-1999; (14) provisional patent application number , 

attomey docket number 25791.36. filed on 10-12-1999; (13) provistonal patent 
applicati^ number 60/159.033. attomey docket number 25791.37. filed on 10-12- 

1999; (15) provisional patent application number attomey docket 

15 number 25791 .27, filed on 11-01-1999. 

Applicants Incorporate by reference the disdosures of ttiese applteations. 

Background of ttie Invention 
This invention relates generaRy to wellbore casings, and In particular to wellbore 
casings tfiat are fbnned using exf^ndablei tubing. 
20 Conventionally, wiien a wejlbora is created, a number of casings are inslalied in 

the borehole to prevent collapse of ttie borehote violl and to prevent undesired outflow 
of drilling fluid Into the formation or inflow <rf fluid, ftom ttie fonmatton Into ttie borehole. 
The borehole is drijled in intervals whereby a casing which is to be Instelled in a kMver 
borehole Interval is lowered through a previously Instelled casing of>n upper borehole 
25 Interval. As a consequence of ttils procedure ttie casing of tiie lower Interval is of 
smaller diameter ttian ttie casing of ttie upper interval Thus, ttie casings are in a 
nested arrangement witti casing diameters decreasing in downward direction. Cement 
annuB are provided between ttie outer surfaces of ttie casings and ttie borehole wall to 
seal ttie casings from ttie borehole wall. As a consequence of ttiis nested arrangement 
30 a relatively large borehote diameter is required aH ttie upper part of ttie wellbore. Such 
a targe borehote <fiameter invoNiss increased costs due to heavy casing handling 
equipment, targe drill bite and increased volumes of driinng fluid and drill cuttings. 
Moreover. Increased drilling rig time is involved due to required cement pumping.- 
cenrient hardening, .required equipment changes due to targe variations in bote 
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diameters drilled In the course ofihe well, and the large volume of cuttings drilled and 
removed. 

Conventionally, at the surface end of the wellbore, a wellhead is formed that 
typically includes a surfeice casing, a numt>er of produdion and/or drilling spools, 
5 valving. and a Christmas tree. Typically the wellhead further includes a concentric 
arrangement of casings including a production casing and one or more Intennediate 
casings. The casings are typically supportetd using load t)earing sfips positioned above 
the ground. The conventional design and construction of wellheads is expensive and , 
complex. ' 

10 Conventionally, a wellbore casing cannot be formed during the drilling oif a 

wellbore. Typically, the wellbore is drilled and then a wellbore casing is fbnmed in the. 
newly drilled section of the wellbore. This delays the completion of a well. 

The present invention is directed to overcoming one or nxro of the limitations of 
the existing procedures fqr forming wellt>ores and wellheads. 

15 Summary 

According to another embodiment of the present invention, a method of 
expanding a tubular rnember Is provided that includes placing a mandrel wItNn the 
tubular member, pressurizing an annular region within the tubular member above the 
mandrel, and displacing the mandrel with respect to the tubular member 

20 According to another embodiment of the present invention, an apparatus for 

radially expanding a tubular member is provided that includes a first tubular member, a 
second tubular member posltipned within the first tubular member, a third tubular 
member movably coupled to and positioned ^^thin the second tubular member, a first 
annular sealing member f<M: sealing ah interface t>etween the first and second tubular 

25 members, a second annular sealing member for sealirtg an interface between the 
second and third tijt>ular members, and a mandrel positioned within the first tubular 
nrtember and CQupled to ^n end of the ttiird tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a tubular mem^r, a piston adapted to expand the diameter of 

30 the fibular memt)er positioned within the tubular rnember, and an annular chamber 
defined by the piston and taJbular member. The piston includes a passage for 
conveying fluids out of this tubularmember. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a preexisting structure and' a tubular member coupled to the 

35 preexisting structure. Ihe tubular member is coupled to the preexisting structure by 



the process of: positioning the tubular member in an overiapplng relationship to the 
preexisting structure, placing a niandrel within the tubular member, pressurizing an 
annular region within the tubular member above the mandrel, and displacing the 
mandrel with respect to the tubular member. 
5 According to another embodiment of the present invention, a mettKxi of 

expanding a tubular member is prpvided that includes preforming the tubular member 
to include a first portion, a seoond portton. and a.third portion, placing a mandrel wlttiin 
the second portion of the tubular rnemt>er, pressurizing a region within the tubular 
member and displacing the mandrel with respect to the tubular member. The. inside 

10 diameter of the second portion of the tubular member is greater than the inside 
dianrieters of the first and third portions of the tubular rnember. 

According to another embodiment of the present invention, an apparatus for 
radially expanding a tubular member is provided that includes a first tubular member, a 
second tubular member coupled to the first tubular member, a third tubular member 

15 coupled to the second tubular memt>er, and a mandrel positioned within the second 
tubular member and coupled to an end portion of the third tubular niember. The Inside . 
diameter of the second tubular member is greater than the inside dianrieters of the first 
and third tubular members. 

According to another embodiment of tlie present invention, an apparatus is 

20 provided that includes a tubular member having first, seoond, and third portions, a 
piston adapted to expand the dianl&ter of the tubular member positioned within the 
second portion of the tubular member, the piston including a passage for conveying 
fluids out of the tubular member. The inside dianr^eter of the second portion of the 
tubular member is greater than the inside diameters of the first and third portions of the 

25 tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a preexisting structure and a tubular member coupled to the 
preexisting structure. The tutnilar member is coupled to the preexisting stiucture by 
the process prefbrming the tubular meml>er to include first, second, and third 

30 portions, positioning the tubular member in an overlapping relationship to the 
preexisting structure; placing a mandrel wittiin the seoond poftiori of the tubular 
mender; pressurizing an interior region within the tutiular member, and displacing the 
mandrel with respect to the tubular men:it>er. The inside diameter of ttie second portion 
of the tubular member Is greater ttian the inside.diamet^ of the first and third portions 

35 of the tubular member. 
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The present embodiments of the invention provide metHods and apparatus for 
forming and/or repairing wellbore casings, pipelines, and/or strudurai supports by 
radially expanding tubular members. In this manner, the fonnatton and repair of; 
wellbore casings, pipelines, and structural supports |s Iniproved. . 
5 Brief Description of the tkawlngs 

FIG. la is a fragmentary crpssrsecUon Hlustrafion of an embodiment of an 
apparatus and nnethod for expanding tubular rnernbers. 

FIG. lb. is another fragmentary cross-sectional illustration of the apparatus of 
FIG. la. 

10 FIG. 1c Is another fragmentary cross-sectional illustration of the apparatus of 

FIG. la. 

FIG. 2a is a fragmentary cross-section illustration of an embodiment of an 
apparatus and n^ethod for expanding tubular members. 

FIG. 2b is another fragmentary cross-sectional illustration of the apparatus of 
15 FIG. 2a. 

FIG. 2c is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 2a. 

RG. 2d is another fragmentary cross-sectional Illustration of the apparatus of 
FIG. 2a. 

20 FIG. 2e is another fragmentary cross-sectional illustration of the iapparatus of 

FIG. 2a. ^ 

. Detailed Description of the Illustrative Embodiments 
Referring now to FIGS, la, lb and 1c, an apparatus 100 for expanding a 
tubular member will be described. In a prefenBd embodiment, the apparatus 100 

25 includes a support member 1 05. a packer 1 1 0, a first fluid conduit 1 1 5^ an annular fluid 
passage 120. fluid inlets 125, an annular seal 130. a second fluid conduit 135, a fluid 
passage 140^ a mandrel 145, a mandrel launcher 150. a tubular member 155. slips 
160. and seals 165. In a preferred embodiment the apparahis 100 is used to radially 
expand the tubular member 155. In this manner, the .apparatus 100 may be used to 

30 form a wellbore casing, line a wellbore casing, fbnm a pipeline, line a pipellrie, fbnm a 
stnjotural support member, or repair a wellbore casing, pipeline or structural support 
mennb^r. In a preferred embodiment, the apparatus 100 is used to dad at least a 
portion of the tubular member 1 55 onto a preexisting tubular member. 

The support member 105 is preferably coupfed to the packer 110 and the 

35 mandrel launcher 150. The support member 105 preferably is a tubular member 
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fabricated from any number of conventional commercially available materials such as, 
for example, oilfield country tubular goods, low alloy steel, carbon steel, or stainless 
steel. The support member 105 is preferably selected to fit through a preexisting 
section of wellbore casing 170. In this manner, the apparatus 100 may be positioned 
5 within the weObore casing 170. In a prefenBd embodiment, the support member 105 is 
releasably coupled to the mandrel launcher ISO. In this manner, the support member 
105 iTiay t>e decoupled from the mandrel launcher ISO upon the oonq[>letion of an 
extrusion operation. 

' The packer 110 is coupled to the support niember 105 and the first fluid conduit 

10 115. the padcer 1 10 preferably provides a fluid seal between the outside surface of 
the first fluid conduit 115 and the inside surface of the support nrwmber 105. In this 
manner, the packer 110 preferably seals off and, in combination with the support 
member 105. first flukl conduit 115, second fluid cdnduit 135, and nnandrel 145. defines 
an annular chamber 175. The packer 110 may be any number of conventional 

15 commercially available packers modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the padcer 110 is an RTTS packer 
available from Halliburton Energy Services in order to optimally provide high load and 
pressure containment capacity while also allowing the packer to be set and unset 
multiple times without having to pull ttie packer out of tiie wellbore. 

20 The first fluid conduit 115 Is coupled to the packer 110 and ttte annular seal 

130. The first fluid conduit 115 preferably is an annular member febricated from, any 
number of conventional commerdaily available materials such as, for example, oilfield 
' country tubular goods, tow alloy steel, carbon steel, or stainless steel. In a preferred 
embodiment, the first fluid conduit 115 includes one or more fluid inlets 125 for 

25 conveying fluWIc materials ftt)ni ttie annular fluid passage 120 Into the chamber 175. 

The annular fluid passage 120 is defined by and positioned between ttie inferior 
surface of the first fiuid conduit 1 15 and ttie interior surface of the second fluid conduit 
135. The annular fluid passage 120 is preferably adapted to convey fluidic materials 
such as cement, water, epoxy^ lubricants, and slag mix at operating pressures and flow 

30 rates ranging firom about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to 
optimally pro>Md flow rates and operational pres^res for the radial expansion process. 

The fluid inlets 125 are positioned in an end portion of tiie first fluM conduit 115. 
The fluU inlets 125 preferably are adapted to convey fluklic materials such as cement; 
water, epoxy, tubricante, and slag niix at operating pressures and flow rates ranging 



from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide 
flow rates and operational pressures for the radial expansion process. 

The annular seal 130 is coupled to the first fluid conduit 115 and the second 
fluid conduit 135. The annular seal 130 preferably provides a fluid seal between the 
5 interior surface of the first fluid conduit 115 and the exterior surfece of the second fluid 
conduit 135. The annular seal 130 preferably provides a fluid seal between the interior 
surface of the first fluid conduit 1 15 and the exterior surface of the second fluid conduit 
135 during relative axial motion of the first fluid conduit 115 and the second fluid 
conduit 135. The annular seal 130 may be any number of conventional commerdaliy 
10 available seals such as, for example, O-rings; polypal( seals, or metal spring energized 
seals, in a preferred embodiment, the annular seal 130 is a polypak seal available 
from Pari^er Seals. 

The second fluid conduit 135 Is coupled to the annular seal 130 and the 
PDandrei 145. The second fluid conduit preferably is a tubular member fabricated frorp 

15 any number of conventional commercially available materials such as, for example, 
coiled tubing, ollfleld country tubular goods, low alloy steel, stainless steel, or low 
cart)on steel. In a preferred embodinfient, the second fluid conduit 135 is adapted to 
convey fluidic materials such, as cementi water, epoxy, lubricants, and slag mbc at 
operating pressures and flow rates, ranging from about 0 to 9,000 psi and 0 to 3,000 

20 gallonsAninute in order to optimally pro\^de flow rates and operational pressures for the 
radial expansion process. 

The fluid passage 140 is coupled to the second fluid conduit 135 and the 
mandrel 145. In a preferred embodiment, the fluid passage 140 is adapted to convey 
fluidic materials such as cement, water, epoxy. lubricants, and slag mix at operating 

25 pressures and flow rates ranging from about 0 to 9.000 p^i and 0 to 3,000 
galions/nninute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. 

The mandrel 145 Is coupled to the second flidd conduit 135. and the mandrel 
launcher 150. The mandrel 145 preferably are an annular member having a oonic 

30 secHon fabricated from.any numt)er of conventional commerdaity available materials 
such as, for example, machine tool steel, ceramics, tungsten; carbide, titanium or other 
high strength alloys. In a preferred embodiment, the angle of the conic section of the 
mandrel 145 rar^s from about 0 to 30 degrees in order to optimally expand the 
mandrel launcher 150 and tubular member 155 in the radial direction, in a prefened 

35 embodiment, the surface of the conic section ranges from about 58 to 62 Rockwell C in 
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. order to optimally provide high yield strertgth. In a preferred embodiment, the 
expansion cone 145 is heat treated in order to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. In an alternative embodiment, the mandrel 145 is expandible in 
5 order to further optimaliy augment the radidi expansion process. 

The mandrel launcher 150 is coupled to the support member 105. the mandrel 
145. and the tubular member 155. The mandrel launcher 150 preferably are a tutiular 
member having a variable cross-section and a reduced wall thickness in order to 
facflitate the radial expansiori process. In a preferrad embodbhent the ooss-sectional 

10 area of the mandrel launcher 150 at oiie end is adapted to mate with ttie mandrel 145. 
and at tfie other entf. the cross^ectional area of the mandrel iauncher 150 is adapted 
to match the cross-sectional area of the tubular member 155. In a preferiBd 
embodiment, the wall thickness of the mandrel launcher 150 ranges from about 50 to 
100 % of the wail thickness of the tubular member 155 in order to facilitate toe initiation 

15 ofthe radial expansion process. 

The mandrel launcher 150 may be fabricated from any number of conventional 
commercially available materials such as. for example, oilfield country tubular goods, 
kiw allow steel, stainless steel, or cartxm steel. In a preferred enibodiment. the 
mandrel launcher 150 is fabricated from oilfield country tubular goods having higher 

20 strength but tower wall thickness than ttie tubular member 155 in order to optimally 
match the burst strength of the tubular member 155. In a preferred embodiment, the 
mandrel launcter 150 is removably ooupled to the tubular member 155. In this 
manner, the mandrel launcher 150 may be rismoved from the wellbore 180 upon the 
completion of an extruston operation. 

25 In an alternative embodiment, the support member 105 and the mandrel 

iauncher 150 are integrally fontied. In this alternative embodiment, the support 
member 105 preferably temninates atx>ve the top of the packer 110. In this alternative 
embodiment, the fluid conduits 115 and/or 135 provkte structural support for the 
apparatus 100. using the packer 110 to couple together the elements of the apparatus 

30 100. in this alternative embodirneht in a preferred embodiment, during the radial 
expansion process, the packer 110 may be unset and reset, after the slips 160 have 
anchored the tubular member 155 to the previous casing 170. within the tubular 
member 155, between, radial expansion operations. In this manner, the packer 110 is 
ntoved downhole and the apparatus 1 00 is rerstroked. . 
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The tubular member 155 is coupled to the mandrel launcher, the slips 160 and 
the seals ^ 65. The tubular member 1 55 preferably is a tubular member fabricated from 
any number of conventional commercially available materials such as, for example, low 
alloy steel, cart)on steel, stainless steel, or oilfield country tubular goods. In a preferred 
5 emt>odiment, the tubular nnember 1 55 is ^bricated from oilfield country tubular goods. 

The slips 160 are ocnjpled to the outside surface of the tubular member 155. 
The slips 160 preferably are adapted to couple to the interior walls of a casing, (ripeline . 
or other structure upon the radial expansion of the tubular member 155. In this 
nnanner, the slips 160 provide structural support for the expanded tubular member 155. 

10 The slips 160 may be any number of conventional commercially available slips such 
as, for example, RTTS packer tungster) carbide slips, RTTS packer wicker type 
mechanical slips or Model 3L retrievable bridge plug tungsten carbide upper 
mechanical slips. In a preferred emt>odiment, the slips 160 are RTTS padcer tungsten 
carbide mechanical slips available from Halliburton Energy Services. In a preferred 

15 embodiment, the slips 160 are adapted to.support axial forces ranging from about 0 to 
750.000 Ibf. ; 

The seals 165 are coupled to the outsMe surface of the tubular, member 155. 
The seals 165 preferably provfcte a flujdte seal between the outside surfeoe of the 
expanded tubular member 155 and the interior walls of a casing, pipeline or other 

20 structure upon the radial expansion of the tubular member 155. In this manner, the 
seals 165 provkJe a fluMic seal for the expanded tubular meml)er 155. The seals 165 
may be any number of conveiittonal oonrvnercially aviailable seals such as, for example, 
nitrile rubber, lead, Aflas rubber, Teflon, epoxy, or other elastomers. In a prefenfed 
emt)odiment. the seals 165 are rubber seals available from numerous commercial 

25 vendors in order to optimally provkle pressure sealing and load bearirig capacity. 

During operation of the apparatus 100, the apparatus 100 is preferably lowered 
into a wellbore 180 having a preexisting section of wellbore casing 170. In a preferred 
emtxxiiment, the apparatus 100 is positioned with at least a portion of the tubular 
member 155 overtapping with a portion of the weltbore casing 170. In this manner, the 

30 radial expansion of the tubular member 155 will preferably caiise the outside sur^ of 
the expanded tubular member 155 to couple wHh the In^Me surfiace of the wellbore 
casing 170. In a prefenned embodirnent, the radial expansion of the tubular member 
155 will also cause the slips 160 and seals 165 to svgage with the interior surfiace of 
the wellbore casing 179. In this manner, the expanded tubular member 155 is provided 
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with enhanced structural support by the slips 160 and an enhanced fluid seal by the 
seals 165. 

As illustrated in FIG. 1 b, after placement of the apparatus 100 in an overlapping 
relationship vMth the wellbore casing 170, a fluidic niaterial 185 is preferably pumped 
5 into the chamber 175 using the fluid passage 120 and the inlet passages 125. In a 
preferred embodiment the fluidic material is pumped into the chamber 175 at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3.000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. The pumped fluidic material 185 increase the operating 

10 pressure within the chamber 175. The increased operating pressure in the chamber 
175 then causes the mandrel 145 to extnide the mandrel launcher 150 and tubular 
merhber 155 off of the face of the mandrel 145. The extrusion of the maiidrel launcher 
150 and tubular member 155 off of the face of the mandrel 145 causes the mandrel 
launcher 150 and tubular member 155 to expand in the radial direction. Contir\ued 

15 pumping of the fluidic material 185 preferably causes the entire lenjgth of the tubular 
nriember 1 55 to expand in the radial direction. 

In a preferred embodinnent the pumping rate and pressure of the fluidic 
material 185 is reduced during the latter stages of the extrusion process in order to 
minimize shodc to the apparatus 100. In a preferred embodiment, the apparatus 100 

20 includes shodc absorbers for absoriDlhg the shock caused by the completion of the 
extmsion process. 

In a prsfemed embodiment, the extru^loc]! process causes the mandrel 145 to 
move in an aOal direction 185. During the axial movement of the mandrel, in a 
preferred embodiment, the fluid passage 140 conveys fluidic material 1M displaced, by 
25 the nx)Ving mandrel 145 out of the wellbore 180. In this manner, the operational 
efficiency and speed of the extrusion process is enhanced. 

In a preferred embodiment the extrusion process includes the irljecUon of a 
hardenable fluidic material into the annular region between the tubular member 155 
and the bore hole 180. In this manner, a hardened sealing layer is provided between 
30 the expanded tubular member.l55 and the interior walls of the wellbore 180. 

As Illustrated in FIG. 1c in a preferred embodiment upon the completion of the 
extmsion process, the support member 105. packer 1 10. flrst fluid conduit 115. annular 
seal 130. second fluid conduit 135. .mandrel 145. and n^hdrel launcher 150 arp moved 
from the wellbore 180. 
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In an altennative embodiment, ttie apparatus 100 is used to repair a preexisting 
wellbore casing or pipeline. In this altenr^tive embodiment, both aids of the tubular 
member 1 55 preferably indude slips 160 and seals 165. 

In an alternative embodiment, the apparatus 100 is used to form a tubular 
5 structural support for a building or offshore structure. 

Refening now to FIGS. 2a, 2b. 2c, 2d, and 2e, an apparatus 200 for expanding 
a tubular member will be described. In a preferred embodiment, the apparatus 200 
includes a support member ^205, a rhandrel launcher 210, a mandrel 215, a first fluid 
passage 220, a tubular member 225, slips 230, seals 235, a shoe 240, and a second 
10 fluid passage 245. In a preferred embodiment, the apparatus 200 Is used to radially 
expand the mandrel launcher 210 and. tubular member 225. In this manner, the 
apparatus 200 may be used to form a wellbore casing, line a wellbore casing, form a 
pipeline, line a pipeline, form a stmctural support member, or repair a wellbore casing, 
pipeline or structural support member. In a pre[ferred embodiment, the apparatus 200 
15 is used to dad at least a portion of Uie tubular member 225 onto a preexisting structural 
member. 

The support member 205 is preferably coupled to the mandrel launcher 210. 
The support member 205 preferably is a tubular member fabricated from any number 
of conventional commerdally available materials such as, for example, oilfield country 

20 tubular goods,. low alloy steel, cart>on steel, or stainless steel. Thfe supportmember 
206. the mandrel launcher 210, the tubular member 225, and the shoe. 240 are 
preferably selected to fit through a preexisting section of wellbore casing 250. In this 
manner, the apparatLis 200 may be positioned wittiin the wellbore casing 270. In a 
preferred embodiment the support member 205 is reieasably coupled to the mandrel 

25 launcher 210. In this manner, the support member 205 may be decoupled from the 
mandrel launcher 210 upon the completion of ^n extrusion operation. 

. The mandrel launcher 210 is coupled to the support member 205 and the 
tubular member 225. The mandrel launcher 210 preiferably are a tubular member 
having a variable cross-section and a reduced wall thickness In order to fadfitate the 

30 radial expansion process. In a preferred ernbodirrient, the crbss-sectional area of the 
mandrel launcher 210 at one end is adapted to mate with the mandrel 215. and at the 
other end, the cross-sectiorial area of the niandrel launcher 210 is adapted to match 
the cross-sectiohal area of the tubular member 225. In a prefenred .embodiment; the 
wall thickness of the mandrel launcher 210 ranges from about 50 to 100 % of the wall 
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thickness of the tubular member 225 in order to ^dlitate the initiation of the radial, 
expansion process. 

The mandrel launcher 210 may be fabricated from any number of conventional 
commercially available material such as, for example, oilfield country tubular goods, 
5 low allow steel, stainless steel, or cart)on steel. In a preferred embodiment, the 
mandrel launcher 210 is fabricated from biffield country tubular goods having higher 
strength but lower wall thickness than the tubular member 225 in (^er to optimally 
match the burst strength bf the tubular member 225. In a preferred embodiment the 
mandrel launcher 210 Is removably coupled to the tubular member 225. In this 

10 manner, the mandrel launcher 210 may be removed from the wellbore 260 upon the 
oompletton of an extrusion operatipn. 

The mandrel 215 is coupled to the mandrel launcher 210. The mandrel 215 
preferably are art annular member having a conic section fabricated from any number 
of conventional commercially available materials such as, for example, machine tool 

15 steel, ceramics, tungsten carbide, titanium or other high strength alloys. In a preferred 
embodiment, the angle of the conk: sectton of the mandrel 215 ranges from about 0 to 
30 degrees in order to optimally expand the mandrel launcher 210 and the tubular 
member 225 in the radial directton. In a preferred embodiment, the surface of the conic 
sedton ranges from about 5B to 62 Rockwell C in order to optimally provide high yield 

20 strength. In a preferred ernbodinrient, the expanston cone 215 is heat treated in order 
to optimally provkle a hard outer surface and a resilient interior body in order to 
optimally provMe abrasion resistance and fracture toughness. In an altenrtative 
embodiment, the mandrel 215 is expendible In order to further optimally augment the 
radial expanston process. 

25 The fluid passage 220 is positioned within ttie mandrel 215. The fluid passage 

220 is preferably adapted to convey fluidic materials such as cement, water, epoxy, 
lubricants^ and slag mbc at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide flow rates and 
operational pressures for the radial expanston process. The fluki passage 220 

30 preferably includes an inlet 265 adapted to receive a plug, or other similar device. In 
tills manner, ttie interior chamber 270 above the mandrel 215 may be flukiidy isolated 
from the Interior chamber 275 bekiw the mandrel 215. 

The tubular rinember 225 is coupled to ttie mandrel launcher 210, the slips 230 
and the seals 235. The tubular member 225 preferably is a tubular member fabricated 

35 from any numbjer of conventional commercially available materials such as, for 
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example, low alloy steel, carbon steel, stainless steel, or difield country tubular goods. 
In a preferred ennbodtnnent..the tubular member 225 is fabricated from oilfield country 
tubular ^ xxJs. 

The slips 230 are coupled to the outside surface of the tubular member 225. 
5 The slips 230 preferably are adapted to couple to the interior walls of a casing, pipeline 
or other structure upon the radial expansion of the tubular member 225. In this 
manner, the slips 230 provide structural support for the expanded tubular member 225. . 
The slips 230 may be any number of conventional commercially available slips such 
as, for example. RTTS packer tungsten carbide mechianical slips, RTTS packer wicker 

10 type mechanical, slips, or Model 3L retrievable bridge plug tungsten carbide upper 
mechanteal slips. In a preferreidi embodiment, the slips 230 are adapted to support 
aodal forces ranging from about 0 to 750,000 Ibf. 

The seals 235 are coupled to the outside surface of the tubular mender 225. 
The seals 235 preferably provide a fluidic seal between the outskje surface of the 

15 expanded tubular member 225 and the interior walls of a casing, pipeline or other . 
structure upon the radial expansion of the tubular member 225. In this manner,, the 
seals 235 provide a fluidic seal for the expandjBd tubular member 225. The seals 235 
may be any number of conventiondl commerdaily a>^ilabie seals such as, for example, 
nitrile mbber. lead, Aflas rubber, Tefton, epoxy or other elastomers. In a preferred 

20 OTibodiment the seals 235 are conventional mbber seals arailabie from various 
oornmercial vendors in order to. optimally provMe pressure sealing and load t)earing 
capacity. 

The shoe 240 is coupled to the tubular member 225. The shoe 240 preferably 
is a substantially tubular member having a fluki passage 245 for conveying ftuklic 

25 materials from the chamber 275 to the annular regton 270 outside of the apparatus 
200. The shoe 240 may be any number of conventional commercially available shoes 
such as. for example, a Super Seal II ftoat shoe, a Super Seal 11 Oown^t float shoe, 
or a guide shoe with a sealing sleeve for a latch down plug modified In accordance with 
the teachings of the preseht disclosure, in a preferred embodimerit, the shoe 240 is an 

30 aluminum down^et guide shoe with a seafing sleeve for a latch down plug, available 
from Halliburtoh Energy Services, modified in accordance with the teachings of the 
present disclosure, in order to optimally guMe the tutiular member 225 in the wellbore, 
optimally provide a fluMic seal between the Interior and exterior diameters of the 
overtapping joint between the tubular members, and optimally facilitate tf^e complete 



drilling out of the shoe and plug upon the completion of the cementing and radial 
expansion operations. 

During operation of the apparatus 200, the apparatus 200 is pfBfeiat>ly:lowered ' 
Into a wellbore 260 having a preexisting section of wdlibore casing 275. In a preferred 
embodiment, the apparatus 200 positioned with at least a portion of the tubular 
member 225 overlapping with a portion of the wellbore casing 275. In this manner, the 
radial expansion of the tubul9r member 225 will preferably cause the outside surface of 
the expanded tubular member 225 .to coupte w|th the inside surface of the wellbore 
casing 275. In a prefened embodiment, the radial expansion: of the tubular member 
225 win also cause the slips 230 arid seals 235 to engage with the interior surface of 
the wellbore casing 275. In this nrwnner, the e)9)anded tubular member 225 is provided 
with enhanced strudural support by the slips:230 and an enhanced fluid seal by the 
seals 235. - ; 

As illustrated in FIG. 2b. after placement of the apparatus 200 in an overiapping 
relationship with the wellbore casing 275, a fluidic material 280 is preferably pumped 
into the chamber 270. The fluidic material 280 then passes through the fluid passage 
220 into the chamber 275. The fluidic material 280 then passes out of the chamber 
275. thrciugh the fluid passage 245, and into the annular region 270. In a prefen-ed 
embodiment the fluidic material 280 is pumped into the chamber 270 at operating 
pressures and flow rates ranging finom about 0 to 9,000 psi and 0 to 3,000 
gallons/minute In order to optimally provide flow rates and operational pressures for the 
radial expansion process. In a preferred embodiment, Uie fluidic material 280 is a 
hardenable fluidic sealing material In order to form a hardened outer annular member 
around the expanded tubular member 225. ' 

As illustrated in FIG. 2c at soni€j later point In the process, a. ball 285, plug or 
other similar device, is introduced into the pumped fluidic material 280. In a preferred 
embodiment, the b^ll 285 mates with and seals off the inlet 265 of the fluid passage 
220. In tills manner, the chamber 2/0 Is fluididy isolated from Vhe chamber 275. 

As niustrated in FIG. 2d, after placement of ttie ball 285 in ttie inlet 265 of ttie 
fluid passage 220. a fluMIc material 290 is pumped Into ttie (Camber 270. The fluidic 
material is preferably pumped Into the chamber 270 at operating pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to 
provide optimal operating efficiency. The fluidic material 290 may be any number of 
conventional oorwnerdally available materials sudi as, for example, water, drilling 
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mud, cement epoxy. or slag mix. In a preferred embodiment, the fluidic material 290 is 
a non-tiardenable fluidic material in order to maximize operational efficiency. 

Continued pumping of the fluidic material 290 increases fluidic material 280 
increases the operating pressure within the chamt>er 270. The increased operating 
5 pressure in the chamt>er 270 then causes the mandrel 215 to extrude the mandrej 
launcher 210 and tubular member 225 off of the conical face of the mandrel 215. The 
exinjsion of the nnandrei launcher 210 and tubular member 225 off of the conical face 
of the mandrel 215 causes the mandrel launcher 210 and tubular member 225 to 
expand in the radial direction. Continued pumping of the fluidic material 290 preferably 
10 causes the ehtire length of the tubular member 225 to expand in the radial direction. 

In a preferred embodiment, the pumfring rate and pressure of the fluidic 
material 290 is reduced during the latter stages of the extrusion process In order to 
minimize shock to the apparatus 200. In ^ preferred embodiment, the apparatus 200 
includes shock absort>ers for absorbing the shock caused by the completion of the 
15 extrusion process. In a preferred embodiment, the extrusion process causes the 
mandrel 215 to move In an axial directbn 295. ' ' ^ 

As illustrated in FIG. 2e, in a preferred embodiment, upon the completton of the 
extrusion process, the support member 205, packer 210. first fluid conduit 215, annular 
seal 230, second fluid conduit 235, rhandrel 245, and mandrel launcher 250 are 
20 removed from the wellbore 280. in a prefened embodiment, the resulting new section 
of wellbore casing Includes the preexisting wellbore casing 275, the expanded tubular 
member 225, the slips iZO, the seals 235, the shoe 240. and an outer annular layer 
4000 of hardened fluidk: material. 

In an altemath/e embodiment, the apparatus 200 is used to repair a preexisting 
25 wellbore casing or pipeline. In this alternative embodiment, both ends of the tubular 
member 255 preferably Include slips 260 and seals 265. 

In an alterhath/e embodiment, the apparatus 200 Is used to fomn a tubular 
structural support for a buikling or offshore structure. 

in a prefened ernbodiment, the tubular members 105 and 225; shoes 240; 
30 expanston cone launchers 150 and 210; and expansion cones 145 and 215 are 
. provided substantialiy as described iri one or more of the folbwing U.S. patent 

applicatkms: (1) utility patent appficaflon number , attorney docket 

number 25791.9.0i2, filed on 1 1-16-1999, which claimed the benefit of the; filing date of 
provi^ohal patent applicatk)n number 60/108,558. attorney docket number 25791.9. 
35 filed on 1 1-16-1998; (2) utility patent application number attorney docket 

• • • 15' 



number 25791.3,02. filed on 12-3-1999, which claimed the benefit of the filing date of 
provisional patent applicatfon number 60/111.293, attorney docket number 25791.3. 

filed on 12-7-1998; (3) utility patent application number , attdmey docket 

number 25791.8.02, filed on 2-10-2000, which datmed the benefit of the filing date of 
provlstonal patent application number 60/119,611, attorney docket number 25791.8, 
fOed on 2-r11-1999; (4) provlstonal patent application number 60/121.702. attorney 
docket number 25791.7. filed on 2-25-1999; (5) provisional patent application number 
60/121,841, attorney docket number 25791.12. filed on 2-26-1999; (6) provisional 
patent applk^tton number 60/121,907. attorney docket number 25791.16, filed on 2- 
26-1999; (7) provisional patent applfcatfon number 60/124.042, attorney docket number 
25791,11, filed on 3-11^1999; (8) provisional patent application number 60/131,106. 
attorney docket number 25791.23, fited on 4-26-1999; (9) prdvistonal patent application 
number 60/137,998, attcimey docket number 25791,17, filed on 6-7-1999; (10) 
provisional patent applicatton number 60/143,039, attorney docket number 25791.26, 
filed, on 7-9-1999; (11) provisional patent applrcation number 60/146.203, attorney 
docket number 25791,25, filed on 7-29-1999; (12) provistonal patent application 

number . attorney docket number 25791.29, filed on 9-16^1999; (13) 

provisk)nal patent application number • attorney docket number 

25791.34, filed oh 10-12-1999; (14) provisional patent application number , 

attorney docket riumber 2S791.36, filed on 10-12-1999; (13) provisional patent 
application number 60/159,033, attorney docket number 25791.37. filed on 10-12- 

1999; (15) provisional patent applteation number . atlomey docket 

numb«- 25791.27. filed on 11-01-1999. Applicants incorporate by reference the 
disclosures of these applications. 

AKhough illustrative embodinients of the Invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disclosure. In some instances, some features of the present invention 
may be empbyed without a corresponding use of the ottier features. Aqcordingly, It Is 
appropriate that the appended ciainis t)e, construed broadly and in a manner consistent 
with the scope of the invention. 



Claims 

1 . A method of coupling a tubular memt>er to a preexisting structure, comprising: 
preforming the tubular member to include a first portion, a seoond portion and a 

third poftion; 

5 placing a mandrel within the second portion of the tubular miember; 

positioning the tubular member in an overlapping relationship to the preexisting 
structure; 

pressurizing an interior region wittiin the tiJbutar member above the mandrel; 
and ; 

1 0 displacing the mandrel with respect to the tubular memben 

wherein the inside diameter of the sebond portion of the tubular nnenlber is 
greater than the inside diametBrs of the first and third portions of the tubulsir niemben 
wherein the pressurizing is provided at operating pressures ranging from 0 to 
9,000 psi; and 

15 wherein the pressurizing is provided at flow rates ranging from 0 to 3,000 

gallons/minute. 

2. An apparatus for coupling a tubular member to a preexisting structure, 
comprising: . 

20 means for prefbmning the tMbular nriember to include a first portion, a second 

portion and a.third portion; 

means for placing a mandrel v^in the second portion of the tubular member; . 
means for positioning ttie tubular member in an overlapping relationship to the 
preexisting structure; 

25 means for pressurizing ah interior region within the tubular member above the 

mandrel; and 

means for displacing the mandrel with respect to the tubular memben 
wherein the inside diameter of the seoond portion of the tubular member is 
greater than the inside diameters of the first and third portions of the tubular member; 
30 wherein the nrteans for pressurizing Is provided at operating pressures ranging 

from 0 to 9,000 psi; and V ^ 

wherein the means for pressurizing is provided at flow rates ranging from 0 to 
3,000 gallons/minute. 
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3. An apparatus, comprising: . 
a preexisting structure; and 

a tubular member coupled to the preexisting structure by the process of: 
preforming the tubular rnemt>er to indude a first portion, a second portk)n and 
5 third portion; 

placing a rrfandrel within the second portion of the tubular member; 
ppslttoning the tabular member in an overiappirig relationship to the preexteting 
structure; 

pressurizing an Interior region within the tubular member above the mandrel; . 

10 and 

displacing the mandrel with respect to the tubular member, 
wherein the inside diameter of the second portion of the tubular member is 
greater than the inside diameters of the first and third portions of the tubular rnember, 
wherein the pressurizing is provided at operating pressures ranging fro^ 
15 9,000 psi; and 

wherein the pressurizing is pro\nded at flow rates ranging from 0 to 3»000 
gallons/minute. 
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